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[57] ABSTRACT 
An ultrasonic speckle velocity measurement method 
and apparatus that uses the transmission and reception 
or ultrasonic waves to detect the velocity of moving 
members comprised of random scattering bodies. The 
ultrasonic wave transmitted toward a moving measure- 
ment object containing a large number of microscopic 
scattering bodies, and echo signlas reflected by the 
measurement object are received. If, for example, me 
scattering bodies are blood corpuscles, the blood flow 
can be regarded as a random aggregation of these cor- 
puscles, in which case the echo signal received wiU be 
the product of the random interference between waves 
scattered by individual corpuscles, and as such the 
blood flow velocity can be estimated from time-based 
fluctuation in the ampUtude of the echo signals. Thus, 
the time-based fluctuation in the received echo signals is 
detected from, for example, the envelope signal thereof 
and frequency-analyzed, and from the fluctuation fre- 
quency thereof the velocity is obtained. Accordingly, 
without using the conventional untrasonic Doppler 
method is it possible to detect velocity and. in particu- 
lar, to measure with accuracy even low velocities, and 
it is also possible to detect the velocity of moving mem- 
bers regardless of the direction in which the ultrasomc 
beam is transmitted. 

9 Claims, 8 Drawing Sheets 
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In order to attain these objects, the ultrasonic speckle 
ULTRASONIC SPECKLE VELOCITY velocity measurement method according to the present 

MEASUREMENT METHOD AND APPARATUS invention comprises a transmission step in which an 

ultrasonic wave is transmitted toward a moving mea- 
BACKGROUND OF THE INVENTION 5 surement object that includes a large number of micro- 
I. Fidd of the Invention scopic scattering bodiej; a rweiving step in wWch an 

n.e present invention rektes to an ultrasonic speckle ''f^ '^^^1fJ"T. "»«^»'«"»«»' " 

I ./ * J J — *, • received; an amphtude detection step m which tmie- 

velocity measurement method and apparatus, more t^sed fluctuation in amplitude of received echo signals 
particulariy to an ultrasomc sparkle velocity measure- ^^ect^'^frequency^^^^^ in which the toe- 
ment method and apparatus for detecting the velocities fl^ckiatio^ in inplitide is frequency-analyzed 

of movmg members comprised of random scattermg ^ fluctiiation frequency that shows the degree of 

bodies, withm a su^^^^ fluctiiation is defected; and a velocity conversion 

Oie detection of frequency shift information produced ^ ^^^^ ^^j^. ^ ^^^^^^ ^ . 

by the Dopplex effect but by a novel method which uses don freauencv 

ampHtude fluctiiations (speckles) in the received signals jhelStrasonic speckle velocity measurement appara- ^ 
resulting from random mterference between the ultra- ^ according to \he present invention comprises a 
some waves scattered bydie scattermg bodies. transmission Ltion for transmittmg an ultrasonic con- 

r Descnption of the Pnor Ait ^^^^ ^^^^ ^^^^^ ^ measurement object that in- 

The ultrasomc Doppler method is a well-known ^ ^j^^^ ^ ^ ^^^^ of microscopic scattering bodies; 
method of measuring the velocity of movmg members, ^ receiving section for receiving echo signals reflected 
such as for example the blood flow, m a subject The ^^^^ ^^^^ measurement object; an envelope detec- 
ultrasomc Doppler method utikzes the fact that the ^-^^ ^^^^ ^fj^ ^ the receivmg 

motion of a moA^ng member produces a frequency shift ^^^^^^ ^^^^^^ ^^^^^^^^ ^ 
m the earner frequency of a ti^nsmitted ulti^mc frequency analysis section that frequency analyzes the 
wave, i.e., the frequency shift correspondmg to the time-based fluctiiation of the envelope output by the 
velocity of the movmg member. Therefore, by detect- envelope detection section and detects the envelope 
ing the frequency shift from the center frequency of the fluctiiation frequency; and a velocity conversion section 
reflected echo signal, the velocity distiibution of the converts frequency values output from the fre- 

moving member can be displayed in real time on a dis- 3^ qugncy analysis section to velocities, 
play screen or the like. -phe ultrasonic speckle velocity measurement appara- 

However, with this type of ulti^nic Doppler tus according to the present invention further comprises 
method it is difficult to measure the velocity of moving ^ transmission section for transmitting an ultrasonic 
members that are moving at a relatively low velocity. ^^^^ ^^ve toward a measurement object that includes 
That is, with the ultrasomc Doppler method it is die 35 ^ j^rge number of microscopic scattering bodies; a re- 
frequency shift in the carrier frequency of the echo ceiving section for receiving echo signals reflected back 
signal that is detected, but in the case ofa moving mem- fronj the measurement object; an envelope detection 
ber that is moving at a low velocity, the degree of fre- section that amplifies the output of the receiving section 
quency shift is extremely small, and detecting this small and obtains the envelope of the echo signals, and by 
degreeof frequency shift from the echo signal, which is 40 samplmg-holding of selected signals in the envelope 
obtained as a time-series signal, is extremely difficult. detects time-based envelope amplitude fluctuations at a 

Another drawback when the Doppler effect is uti- selected location within the subject; a frequency analy- 
lized is that it is only possible to measure the velocity of sis section that frequency analyzes the time-based fiuc- 
the movement of a member which includes velocity tuations of the envelope output by the envelope detec- 
components indicating a movement toward or away 45 tion section and detects the envelope fluctuation fre- 
from the direction in which the ultrasonic wave is trans- quency; and a velocity conversion section that converts 
mitted. The method cannot detect the movement veloc- frequency values output from the frequency analysis 
ity of a reflective member that is moving in a direction section to velocities, 
perpendicular to the ultrasonic wave, for example, 

when a single transducer is being used for transmitting 50 Principle of the Invention 

and receiving the ultrasonic wave. As shown m FIG. 6, when two scattering bodies A 

SUMMARY OF THE INVENTION and B in a certain region are subjected to ultrasonic 

waves transmitted by a transmitter 10, because the 

In view of the above-mentioned problems, the pri- length of the propagation path from the transmitter 10 
mary object of the present invention is to provide an SS to a receiver 12 via scattering body A is the same as the 
ultrasonic speckle velocity measurement method and length of the propagation path via scattering body B, 
apparatus that enable the velocity of moving member to the reflected echo waves from the scattering bodies A 
be detected without*^ using the conventional Doppler and B are received as composite echo signals A and B of 
method. the same phase, as shown in FIG. 7 (a), the reflected 

Another object of the present invention is to provide 60 echo signal C obtained by the receiver 12 being doubled 
an ultrasonic speckle velocity measurement method and in amplitude without undergoing any change in phase, 
apparatus that enable the velocity of slow-moving On the other hand, when B has moved to B', the 
members to be measured accurately. length of the propagation path becomes different, as a 

A further object of the present invention is to provide result of which, as shown in FIG. 7 (6), a composite is 
an ultrasonic speckle velocity measurement method and 65 formed of the echo signals differing by \ wavelength, so 
apparatus that enable the velocity of members moving that the reflected echo signal C obtained by the re- 
in a direction perpendicular to the ultrasonic wave to be ceiver 12 differs in phase and amplitude from the re- 
detected, fleeted echo signal C of FIG. 7 (a). From this, it there- 
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fore follows that when the random scattering bodies aforementioned principle, enables speckle velocity mea- 

move, the amplitude and phase of the composite re- surement of moving members within a living body. 

fleeted echo signals formed in accordance with the Oneration of the Invention 

distribution state of the scattering bodies will differ. ^ 

FIG. 8 shows the state of signal reception when the 5 With the above arrangement, an ultrasonic wave is 

random scattering bodies 14 have moved at a prescribed beamed at the measurement object formed of a large 

velocity V. When an ultrasonic wave of a prescribed number of microscopic scattering bodies, the echo sig- 

frequency and uniform amplitude is beamed at the scat- nais scattered by the measurement object are received, 

tering bodies 14 from the transmitter 10, the result of time-based amplitude fluctuations in the received echo 

random interference between the ultrasonic waves scat- 10 signals are detected, and to show the degree of the 

tered by the microscopic scattering bodies is that the fluctuations, the fluctuation frequency of the echo sig- 

waveform of an echo signal received at the receiver 12 envelope, for example, is detected, and the fluctua- 

shows fluctuations in ampUtude. That is, the result of frequency is used to measure the velocity of the 

random interference of the ultrasonic waves is to give scattering bodies. 

rise to amplitude fluctuations (speckles) in the received The results of expenments based on the above- 
signal waveform that is obtained. descnbed prmciple for measunng the velocity of move- 
As echo signals are formed as the result of interfer- now be descnbed. „ , , 
ence, as mentioned above the ampUtude thereof is var- F^r the expenments, as shown in FIG. 9 (a), water 
ied considerably according to the relative positional contammg a^ummum powder (with a mean particle 
relationships of the microscopic scattering bodies. As ^0 diameter of 25^m) as the scattenng bodies 14 w^ fed 
such, when these scattering bodies 14 move at a certain ^"""f" ^ f An ultosomc wave beam 
velocity V, the ampUtude of the received wavefonn l^^^ fi^ed-frequency oscdktion signal provided 
fluctuates with time in accordance with the velocity V ^ ^^^^^or 18 was trac^tted mto acrylic tube 
- « • . !• . , Ml • 16 by a transmitter 10. The reflected echoes were 
of the scattenng bodies, and It becomes possible to esti- • i j !^*^""''«r* "* T *^"^^^^^^""'=« 

* ^t. 1 r *!. J r n • 25 picked Up by a receiver 12 and observed by means of an 

mate the velocity from the degree of fluctuation. i.e., i ' • j „ 

r i.^- 1. jTT t i - oscilloscope 20. Here, the aluimnum powder scatterers 

from the degree of time-based change. In a uvmg body, , ^^JL^a^a «<, o«^**»^«„ u^Ai^ -«oi^,r^„e *^ m^^^a 

•i'r. 1 •jj...t_ can be regarded as scattenng oodles analogous to blood 

if for example blood corpuscles are considered as the comiisc!« 

scattering bodies, blood can be considered as an aggre- ^ ^^^^^ ^.^^ ^j^^ ^^^^^ 

gation of these scattenng bodies, m which c^ the echo 3^ ti^^e-based fluctuation in echo signal amplitude can be 

signal received will be the result of interference be- ^^^^ ^ fluctuation in the envelope of the echo sig- 
tween echo signals scattered by the mdividual corpus- 

^^^L . ji.*ii.-f.j As the parameter representing the degree of time- 

Thus, m the detected echo signal, tiie tune-based y^^^^ ampUtude variation, the peaks and troughs in the 

fluctuauons m amphtude are produced by changes m 35 ^^ho signal envelope per unit time were counted, using 

the relative positions of the scattenng bodies, so that oscilloscope 20. . to thereby detect the amplitude 

even if the direction of movement of the scattenng fluctuation frequency, which was measured while vary- 

bodies is perpendicular to the transmitted ultrasonic velocity of the scattering bodies 14 m the 

beam, it is possible to measure the velocity thereof. As acryUc tube 16. 

such, with the principle of the present invention there is 40 piG. 10 shows the results. It can be seen that there is 

the advantage that, unUke in the case of the principle of a proportional relationship between the amplitude fluc- 

tiie conventional ultrasonic Doppler method, there is no tuation frequency of the echo signal and flow velocity, 

direction in which the velocity cannot be measured. meaning tiiat the flow velocity can be measured by 

The principle of the present mvention also enables detecting the ampUtude fluctuation frequency, 

the velocity of scattering bodies moving at very low 45 piG. 11 shows the results of an investigation into die 

speeds to be measured, in the form of low-frequency relationship between the proportional constant (slope) 

ampUtude fluctuation frequency which shows the de- and the weight-percent of tiie aluminum powder when 

gree of time-based ampUtude variation, enabling the the quantity of the scattering bodies 14 in the water was 

detection of low velocities that cannot be detected with varied and measurements carried out in the same way as 

the conventional ultrasonic Doppler method. 50 in the case of FIG. 10. As is apparent in the flgure, the 

This type of velocity measurement using speckle proportional constant (slope) between fluctuation fre- 

pattems is also employed in fields in which laser beams quency and flow velocity is substantially constant, inde- 

are used. However, this use consists of projecting a laser pendent of the quantity of aluminum powder, i.e., of the 

beam at a moving optical scatterer such as opaque glass, number of microscopic scattering bodies. Therefore, 

picking up the light scattered by the rough surface of 55 the velocity can be estimated by detecting the ampli- 

the scatterer and obtaining the random interference tude fluctuation frequency, which is unaffected by the 

pattern (speckle pattern) produced by the reflections of number or concentration of scattering bodies, 
the laser tight, the velocity of movement of the optical 

scatterer being measured from variations in the interfer- ^^^^ DESCRIPTION OF THE DRAWINGS 

ence pattern. 60 FIG. 1 is an explanatory diagram of the arrangement 

Because with such speckle velocimetry using laser of a first embodiment of the ultrasonic speckle velocity 

light the velocity is obtained as the result of interference measurement method according to the invention, 

of the light reflected from the surface of the object, it FIG. 2 is .an explanatory diagram showing the rela- 

foUows that such velocimetry cannot be used to mea- tionship between the time-based ampUtude variation in 

sure the velocity of moving members within a subject. 65 echo signals and the power spectrum P(f). 

The present inventors discovered that speckle can FIG. 3 is a block circuit diagram of a second embodi- 

also be used for velocity measurement within a subject. ment of the ultrasonic speckle velocity measurement 

and the result is the present invention that, based on the apparatus according to the invention. 
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FIG. 4 is a block circuit diagram showing the ar- subtracted from the amplitude thereof and the zero 

rangement of a third embodiment of the ultrasonic crossing density of the signals measured, 

speckle velocity measurement apparatus according to There are various other methods that can be used to 

the invention. quantify the degree of time-based fluctuation in the 

FIG. 5 is a waveform diagram for explaining the 5 amplitude of the echo signal. For example, the power 

operation of the envelope detection section of the appa- spectrum of the envelope waveform or the statistics 

ratus shown in FIG. 4. thereof, i.e., the mean value, the variance or the higher 

FIG. 6 is an explanatory diagram showing the state of order moment or the like, can be obtained and used 

interference between waves scattered by the micro- individually or in combination for such quantification, 

scopic scattering bodies. 10 Next comes the final step, a velocity conversion step 

FIG. 7 is a waveform diagram showing the composite IH in which the velocity is measured from the fluctua- 

state of reflected echoes in the case of interference be- ^on frequency obtained in the frequency analysis step 

tween waves scattered by the microscopic scattering 1^3. As mentioned above, as the fluctuation frequency 

l)Q^gs^ is proportional to the velocity, the velocity state of a 

FIG. 8 is a concept diagram to explain when there is moving member can be detected from the fluctuation 

movement of random microscopic scattering bodies. frequency, . ^ ^ 

FIG. 9 b an explanatory diagram of the arrangement ^ example of quantification of the degree of amph- 

of an experimental apparatus for explaining die princi- fluctuation from a power spectrum ^^dll now be 

pie of the present invention, and a diagram of an echo descnbed with reference to FIG. 2, which shows a 

signal obtained with the said apparatus. P°^^^ spectrum P(f). With respect to the detection of 

FIG. 10 is a graph showing the relationship between J*^ P^^«^ spectrmn of the echo signal envdope from 

the fluctuation frequency of tiie echo signal envelope ^croscopic scattering bodies, a curve 200 is ob- 

and the velocity of scattering bodies. tamed when the envelope fluctuation is gentle, as 

FIG. 11 is a graph showing the relationship between „ <^ ^ ^^/s obtamed when the enve- 

the slope of the fluctuation frequency of the echo signal " ^*^Pf fluctuation is re atively intense, as shown by (b); 

envelooe aeainst the velocity of scattering bodies and * ^ obtamed when the envelope fluctua- 

envelope agamst tne velocity oi scattermg Doaies ana ^ ^ ^ ^ ^ ^ ^ ^ . ^_ 

"^"^ ^ high-frequency component of the power 

aer usea as scattermg ooaies. spectrum tiiat corresponds to the intensity of the fluctu- 

DESCRIPTION OF PREFERRED 30 ation. 

EMBODIMENTS Therefore, the velocity state can be estimated by 

^ ^ . .„ detecting frequency widths a, b, c of an intensity p m 

A first ^bodiment of tiie present mvention will now ^ spectnim. Also, for cases where the relation- 

be d«cribed with reference to the drawmgs. ^^^^ frequency widths and velocity is not pro- 

I^G. 1 shows the arrangement of a first embodiment 35 portional, if frequency widths for a known movement 

of die ultrasomc speckle velocity measurement method velocity V are measured beforehand and an approxima- 

according to the invention. This invention is character- ^ion equation used to obtain tiie relationship of fre- 

ized by regardmg a movmg member as an aggregation quency widths to velocity V, this approximation equa- 
of microscopic scattering bodies, detecting the result of ^ion can be used to calculate the velocity V. 

random interference between waves scattered by die 40 witii tiie apparatus of the invention, a second em- 

microscopic scattermg bodies, i.e., speckles, to measure bodiment in which an ultrasonic continuous wave is 

velocity, to thereby detect tiie state of movement of tiie jjs&d will now be described, with reference to FIG. 3. In 

moving members witiiout using tiie conventional Dop- piG. 3, a transmission section is constituted of an oscQ- 

pler method. latoi- 24 that produces a fixed-frequency transmission 

With reference to FIG. 1, in a transmission step 100 45 signal and a transmission transducer 26. An ultrasonic 

an ultrasomc pulsed wave or ultrasonic continuous continuous wave is transmitted from tiie transmission 

wave is transmitted into a subject. In terms of the appa- transducer 26 toward a blood vessel 22 in which there is 

ratus, tiieultrasonic wave is transmitted by a transmitter a flow of blood 15 constituted of a large number of 
10 toward a blood vessel 22 in which there is a flow of microscopic scattering bodies. 

blood 15 that contains an aggregation of microscopic 30 When an ultrasonic continuous wave is used, a sepa- 
scattering bodies (for example blood, corpuscles). In a rate transducer. Le.. reception transducer 28. is pro- 
reception step 101 the echoes reflected by the blood 15. vided by means of which an echo signal reflected from 
i.e., ultrasonic scattered wave reflections, are received die interior of the blood vessel 22 can be received. Is 
by a receiver 12, and the process advances to an ampli- diis case, the spatial location at which the movement 
tude detection step 102. 55 velocity is measured is determined from the directivity 

In the amplitude detection step 102 the time-based and positional relationship of the transmission trans- 
fluctuations of the echo signal obtained in the reception ducer 26 and reception transducer 28. That is, if the 
step 101 are detected as, for example, envelope fluctua- transmission transducer 26 and reception transducer 28 
tions. The process then advances to a frequency analysis have sharp directivity toward the front direction, the 
step 103. 60 point E at which the central axes of the transmission 

In the frequency analysis step 103 the degree of time- transducer 26 and reception transducer 28 intersect will 

based echo signal amplitude fluctuation is ascertained form the measurement location, 

as, for example, an envelope fluctuation frequency, and The echo signal obtained by the reception transducer 

tiiis fluctuation frequency is detected. The frequency 28 is output to an envelope detection section 300, which 

analysis may be done by differentiating the echo signal 65 is constituted of an amplifier 30 and a linear detector 32. 

amplitude (or envelope curve) relative to time and mea- The amplifier 30 amplifies the output of the reception 

suring the zero crossing density of this signal, or the transducer 28 by a prescribed ampUfication factor and 

mean value of the amplitude of the echo signals may be the output is then detected by the linear detector 32, 
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whereby the envelope of the echo signal can be de- is not directly applied to the following envelope detec- 

tected. The envelope detection section 300 may be con- tion section 400. 

stituted by any other known circuit arrangements that When an ultrasonic pulsed wave is being used the 

will demodulate an amplitude-modulated signal. envelope detection section 400 connected to the Umiter 

The output from the envelope detection section 300 is 5 52 is constituted of an amplifier 30 and linear detector 
supplied to a frequency analysis section 301, which is 32 which are also used in the ultrasonic continuous 
constituted of a differentiator 34, a zero-crossing detec- wave configuration; a sample and hold circuit 54 for 
tor 36, a counter 38 and a timer 40. The time derivative sampling and holding only .prescribed signals from the 
(differential value) of the envelope of the echo signal ^^^r detector 32; a delay circuit 56 that instructs the 
output by the linear detector 32 is detected by the differ- sample and hold circuit 54 to take in signals; and a low 
entiator 34. At the zero-crossing detector 36, the por- smoothes the output of the sample and 
tions at which the time derivative becomes zero, i.e., ^^^^ ^^^^^ ^ removing high-frequency compo- 
with respect to the envelope curve, the peak and trough from the said output and passing low band fre- 
portions, are detected and counted by the counter 38. A , , ^"i^^y components. , , . 
high-pass filter that filters out direct-current compi- FoUowmg hnear detection of the-output of the to^^^ 
nents in the input signal may be used in place of the the envelope detection section 400 samples and 
differentiator 34. In such a case, a count substantially ^9^^ depthwise prescnbed signal settings, en- 
equal to that obtained with the differentiator 34 can be f ^ Vf information at a selected depth location 
obtained by usmg the counter 38 to count the number of ae ected, . ^ .i. 
crossings over the ampUtiide mean values. Descnbed m the above is the arrangement of the 

The fomiter 38 counts at prescribed unit dme periods ^^^°P« "^^'T^ ^^^^ ^ ^^""^ 

set by the to^ 4rvXch eLS^ the e^elope fi^cr ^^^^^e is^P^«<=d. The foUowmg frequency analysis sec 

OBI uuiu ^, wiuvu «u<ivi» ujE t^uvExvpE "uvius ^ coimected to tfac envcloDe detecUon section 

toon frequency to be det«ted. Connected to the fre- ^ ^ ^ ^^^^ /pj^ 3 

quency analysis section 301 is a velocity convertar 42 jj ^ ^^^^ j^^^^^j^^ ^^^^^ tj,^ 

that constitutes a velocity oonveraion section. The Hue- embodiment will now be described with reference to 

tuation frequency detected by the frequency analysis pjQ g 

section 301. namely the count value N of the counter 38 ^{^[ 5 ^y^^^^ ^^e signal processing state of the enve- 

and movmg member movement velocity V are shown j^p^ detection section 400. FIG. 5 (a) shows signals 

v«= N received from each of the transmitted ultrasonic waves, 
■ from No. 1 to No. k. These are the envelope signals, 

where y is the proportional constant, the magnitiide of fonned by the linear detector 32, of the echoes reflected 

the envelope fluctiiation frequency being proportional ^ °^ blood vessels 22A and 22B shown in 

tothe velocity. Therefore, if on the basis of equation (1) Sl^' 1. • 1 a n n n r 

the count value N is converted to the velocity by the The echo signals Aj, A2, Bi, B2 reflected from the 

velocity converter 42, it becomes possible to determme "^^^ vessels 22A and 22B appear, m turn, 

the velocity of movement of the blood 15. ^ proceedmg from the one nearest to the 

The output of the velocity converter 42 is suppUed to transmit-and-receive transducer 50. If the tiansmit-and- 

a display 44 whereby the velocity is displayed on the transducer 50 is a distance 1 from the walls of 

screen thereof. The frequency analysis section 301 de- ^ ^^,^'.1/' I . ''^1 ^^^^^ 

tects the envelope ampUtiide fluctiiation frequency by ^^^^f V^'llfu'''^ m'TiIi 

*t,« «*»oi.« lope of echo signals reflected by the blood 15 is formed 

counting the peaks and troughs m the waveionn: how- ,\ ^. f ^- , . , > , * , 

, . . A J « between the above-mentioned sienals Ai and A7, and 

ever, analysis may instead be based on the power spec- j'*^'-""" luwiwwuw* oi^^o --^i 

TTj ^owu tfww^oj^(?v g ^ g ^ ^ appears as a product of mterference 
mim of the echo signd waveform as shown in FIG. 2 ,3 ^J^^ LatLed waves from groups of scatteS 

or on the statistics ^ereot TTm second embodmient ^^^^ ^j^^ corpuscL) within a certaiS 

can provide accurate detection of the velocity mforma- iTthe vessels 22A and 22B. In the case of an 

^^^Twi, '"f continuous waves. ultrasonic pulsed wave, the scattered waves that partici- 

With the apparatiis of the mvention. a third embodi- intisrference are only those cominrfrom 

ment m which an ultrasonic pulsed wave is used wdl 50 ^ ^^^^^ ^ corresponding to the pulse duration 

now be descnbed, with reference to FIG. 4. In HG. 4. ^ Namely, because the interference is only raised 

a trammission section is constitiited of a timmg genera- ^^hin a distance given by d=c7r/2, the time-based 

tor cu^mt 46 for generating ultrasomc pulsed waves at amplitiide fluctiiation at a time-point at which there has 

a prescnbed repetition frequency; a pulse generator 48 elapsed the time required for the ulti-asonic pulsed wave 
for generating pulse signals in accordance with trigger 55 to propagate to, and retiira from, a prescribed position 

signals from the timing generator circuit 46; and a trans- between the blood vessel walls Ai and A2, and Bi and 

mit-and receive tiransducer SO for ti^mitting and re- B2, wUl represent the movement velocity at the position 

ceivmg signals. From the transmit-and-receive trans- corresponding to that time-point. In this third erabodi- 

ducer 50, an ultrasonic pulsed wave is transmitted at a ment, therefore, it becomes possible to obtain velocity 
fixed repetition frequency toward blood vessels 22A 60 infonnation for a prescribed depth by extracting an 

and 22B. envelope signal after a prescribed time has passed from 

In the case of ultrasonic pulsed waves, a single trans- the time-point at which the ultrasonic pulsed wave is 

ducer is used' for both transmission and reception. Here, transmitted. 

the transmit-and-receive transducer 50 receives the Specifically, .the delay circuit 56 apphes to the sam- 
echo signals reflected from the blood 15 in the blood 65 pie and hold circuit 54 a delay time D from ultrasomc 

vessels 22. A Umiter 52 is provided so that when the pulsed wave transmission time t=0 corresponding to a 

transmit-and-receive transducer 50 that receives the prescribed depth position within the subject, and in the 

echo signals is being driven, the high voltage generated received signals of FIG. 5 (c), the portions of the enve- 
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lope amplitude signal following the delay time D are 
held in an order of signal reception corresponding to 
the transmission number. 

As shown in FIG. 5 (6), the output of the sample and 
hold circuit 54 is obtained as a step-shaped waveform of S 
the envelopes of echo signals from prescribed depth 
positions within the subject, in the transmission nmnber 
sequence. Hiese form envelope signals produced by 
interference between scattered waves from groups of 
microscopic scattering bodies in certain limited regions 10 
(within the extent of the above-mentioned distance d) in 
the blood vessels 22, which are output as time elapses. 
Here, if Dt represents the time intervals at which trig- 
ger signals are output from the timing generator circuit 
46 shown in FIG, 4, in FIG. 5 (b) the time of one trans- 
mission number will be a time corresponding to Dt 

With this arrangement, by changing the delay time D 
of the delay circuit 56 the measurement depth position 
can be changed with ease, enabling the operator to 
select any depth required. ^ 

The step-shaped output of the sample and hold circuit 
54 is converted to a smooth waveform by the low pass 
filter 58. The output of the low pass filter 58 shows the 
time-based fluctuation of the envelope at the selected ^ 
prescribed depth position, namely, a position repre- 
sented by D'C/2, and by frequency-analysis thereof the 
velocity at the prescribed depth can be obtained. 

Frequency analysis can be performed using the same 
arrangement as that of the frequency analysis section 
301 shown in FIG. 3. By using the frequency analysis 
section 301 to obtain the envelope fluctuation fre- 
quency, the blood flow velocity can be displayed on the 
display 44, via the velocity converter 42. 

The above low pass filter 58 is required when the 3^ 
arrangement of the frequency analysis section 301 of 
FIG. 3 is used. If frequency analysis is done by a 
method that uses discrete data, such as is represented by 
fast Fourier transforms, the low pass filter 58 will not be 
required. 4q 

With the apparatus according to this invention, the 
envelopes are extracted at fixed time intervals elapsed 
from the time-point at which an ultrasonic pulsed wave 
is transmitted. Instead of the analogue processing used 
in this embodiment, digital processing may be used also 45 
for holding the envelope. 

The third embodiment has a nimiber of advantages, as 
described below. With the second embodiment, which 
relates to an ultrasonic continuous wave, it is only possi- 
ble to obtain velocity information at a location that is so 
decided by the positional relationship of the two trans- 
ducers; if a plurality of velocity information is required 
it is necessary to alter the geometrical positions of both 
transducers. With the third embodiment, however, it is 
possible to obtain a plurality of velocity information in 55 
the direction of the axis of die ultrasonic beam without 
changing the position of the transmit-and-receive trans- 
ducer 50. 

The invention as described in the foregoing can be 
applied to ultrasonic diagnostic apparatuses. In the case 60 
of such an application, the display 44 could be used to 
display velocity information as w ell as tomographi c 
images. It would be possible, for example, to numeri- 
cally" display Vel6cuy values 01 a prescrib ed'^omc ge- 
lectea trom a tomograpmc unag e or overlay velocity 65 
information on a lomograpnic unage, ena6liiig~the 
bloddlI ow'in~a~Uvlng:sH! tnecrtn~hff"riepime 
on a screen. _„ 



As has been described in the foregoing, the advan- 
tages of this invention, whereby a moving member is 
regarded as an aggregation of microscopic scattering 
bodies and time-based fluctuations in echo signal ampli- 
tude that appear as the result of interference between 
waves scattered by the microscopic scattering bodies 
are detected, are that the velocity of moving members 
can be detected without using the conventional ultra- 
sonic wave Doppler method, and it is possible to accu- 
rately measure low velocities and detect velocities in 
directions which are perpendicular to the ultrasonic 
wavebeam, which could not be detected with the said 
ultrasonic wave Doppler method. 

Moreover, using the apparatus of this invention for 
ultrasonic continuous waves enables movement veloci- 
ties at a position decided by the two transducers used 
(one for transmission and one for reception) to be de- 
tected with good accuracy. In addition to this, when an 
ultrasonic pulsed waves is used, movement velocity at a 
selected prescribed depth location can be accurately 
detected using a single transducer for transmitting and 
receiving, and from the information thus detected, an 
image of the state of motion of a moving member inside 
a live subject can be displayed. 

What is claimed is: 

1. A non-Doppler ultrasonic speckle velocity mea- 
surement method comprising the steps of: 

transmitting ultrasonic waves toward a moving mea- 
surement object including a large number of micro- 
scopic scattering bodies; 

receiving echo signals generated by the interference 
of scattering waves reflected from said scattering 
bodies; 

detecting the envelope of the time-based amplitude 
fluctuation of said echo signals; 

frequency-analyzing said envelope of the time-based 
amplitude fluctuations to detect a fluctuation fre- 
quency showing the degree of said fluctuation; and 

computing the speckle velocity from the fluctuation 
frequency, 

2. A method according to claim 1 wherein said fre- 
quency-analyzing step detects the degree of the time- 
based amplitude fluctuation from a power spectrum of 
the envelope of the time-based echo signal amplitude 
fluctuation wave form or from the statistics thereof. 

3. A non-DoppIer ultrasonic speckle velocity mea- 
surement apparatus comprising: 

means for transmitting an ultrasonic continuous wave 
toward a measurement object including a large 
number of microscopic scattering bodies; 

means for receiving echo signals generated by the 
interference of scattering waves reflected from said 
scattering bodies; 

meanis for detecting the envelope of the time-based 
fluctuation in amplitude of said echo signals: 

means for frequency-analyzing said envelope of the 
time-based fluctuation in amplitude to detect a 
fluctuation frequency showing the degree of said 
fluctuations; and 

means for computing the speckle velocity from the 
fluctuation frequency. 

4. A non-Doppler ultrasonic speckle velocity mea- 
surement apparatus comprising: 

means for transmitting an ultrasonic pulsed wave 
toward a measurement object including a large 
number of ultrasonic scattering bodies; 
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means for receiving echo signals generated by the 
interference of scattering waves reflected from said 
scattering bodies; 

means for detecting the envelope or the time-based 
signals at a selected location within the subject by s 
amplifying the echo signals to obtain the envelope 
and sample-holding the selected signal within the 
envelope; 

means for frequency-analyzing the envelope or dme- 
. based fluctuation in amplitude to detect a fluctua- 10 
tion frequency showing the degree of said fluctua- 
tion; and 

means for computing the speckle velocity from the 
fluctuation frequency. 

5. An apparatus according to claim 3 or 4 wherein IS 
said frequency-analyzing means comprises: 

a differentiator for difTerentiating the envelope signal; 

a zero-crossing detector for detecting outputs going 
to zero from among the outputs of the differentia- 
tion; and 20 

a counter of counting the number of outputs of the 
zero-crossing detector per unit time. 

6. A non-Doppler ultrasonic speckle velocity mea- 
surement apparatus according to claim 3 or 4 wherein 
said frequency analyzing means comprises: 25 
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a high-pass Alter that removes direct current compo- 
nents from the envelope signal; 

a zero-crossing detector detecting outputs going to 
zero from among the outputs of the filter; and 

a counter for counting the number of outputs of the 
zero-crossing detector per unit time. 

7. A non-Doppler ultrasonic speckle velocity mea- 
surement apparatus according to claim 3 or 4 applied as 
an ultrasonic diagnostic apparatus wherein detected 
velocity information is displayed on the display in nu- 
merical form and/or in an image form superimposed on 
a tomographic layer. 

8. A non-Doppler ultrasonic speckle velocity mea- 
surement apparatus according to claim 5 applied as an 
ultrasonic diagnostic apparatus wherein detected veloc- 
ity information is displayed on the display in numerical 
form and/or in an image form superimposed on a tomo- 
graphic image. 

9. A non-Doppler ultrasonic speckle velocity mea- 
surement apparatus according to claim 6 applied as an 
ultrasonic diagnostic apparatus wherein detected veloc- 
ity information is displayed on the display in numerical 
form and/or in an image form superimposed on a tomo- 
graphic layer. 
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